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AB6THACT 


The  technique  of  recording'  stellar  scintillations  on  magnetic 
tape  has  been  developed  to  a satisfactory  state  and  is  presented  aa 
a potentially  useful  tool  in  the  study  of  the  atmosphere. 

The  tool  has  been  used  in  a comparison  of  daytime*  and  nighttime 
stellar  scintillation , in  a comparison  of  the  scintillation  of  double 
stars,  and  in  a comparison  of  stellar  scintillation  at  opposite  ends 
of  the  visible  spectrum. 

The  usefulness  of  "scintillation  moduli"  to  describe  numerically 
the  shape  of  a scintillation  curve  is  being  explored,  and  their  appli- 
cation to  the  variation  of  scintillation  with  zenith  distance  and  with 
telescope  aperture  has  been  attempted. 

The  worn  on  low  frequency  scintillation  variation  with  telescope 
aperture  and  with  zenith  distance  has  been  completed  and  is  presented 
in  tabular  form  for  reference.  These  indicate  the  order  of  scintil- 
lation that  results  with  a given  telescopic  system,  at  a given  time  of 
day,  and  at  a given  zenith  distance. 

The  exploratory  survey  into  the  nature  of  image  motion  has  been 
completed.  The  general  independence  of  stellar  scintillation  and 
image  motion  has  been  established,  and  values  of  image  motion,  in 
seconds  of  arc , which  might  be  expected  under  average  conditions  have 
been  determined  from  measures  made  on  1600  movie  frames  of  stellar 
image  motion  during  the  day  as  well  as  the  night 


PERSONNEL  AND  ADMINISTRATION 


There  were  no  changes  in  personnel  and  the  only  change  in  adminis- 
tration waa  the  appointment  of  Mr.  William  Protheroe  as  acting  Project 
Supervisor  during  September  while  Dr.  Hynek  was  in  Europe.  During 
September  Dr.  Hynek  was  officially  on  lenve  from  the  project. 

Facilities  at  the  University  continue  to  be  adequate  for  the  pro- 
secution of  this  contract  work. 


COMMUNICATIONS 


A paper  on  observations  establishing  the  independence -of  what  is 
ordinarily  termed  * astronomical  seeing"  and.  "twinkling"  or  stellar 
scintillation,  has  been  accepted  for  publication  by  the  Journal  of  the 
Optical  Society  of  America . The  paper  carries  the  title  '’Stellar 
Scintillation  an3~ Image  Motion"  and  the  author  is  Roger  Hoafeld. 

Dr.  Keller  presented  a paper,  "Experimental  Verification  of  a 
Theory  of  Astronomical  Seeing",  at  the  summer  meetings  of  the  American 
Astronomical  Society,  held  at  Boulder,  Colorado,  August  26-28,  1953* 

Dr.  Hynek  discussed  the  present  studies  of  stellar  scintillation 
in  progress  at  The  Ohio  State  University  with  many  European  astronomers 
and  presented  talks  on  this  subject  at  the  Stockholm  Observatory  at 
8alts Jobaden,  Sweden,  at  Lund  Observatory,  Lund,  Sweden,  and  at  the 
University  of  Helsinki,  Helsinki,  Finland. 


STATEMENT  OF  THE  PROBLEM 
AND  METHOD  OF  ATTACK 


The  basic  problem  remains  the  same,  the  study  of  the  effect  of 
the  atmosphere  on  celestial  images  (a)  to  obtain  harmonic  analyses  of 
stellar  scintillation  and  to  establish  parameters  of  scintillation 
which  may  prove  useful  in  military  and  meteorological  applications  and, 
of  course,  in  the  physical  study  of  the  atmosphere j (b)  to  study  the 
manner  in  which  an  image  moves,  in  the  daytime  as  well  as  at  night, 
and  to  establish  a correlation,  or  lack  of  it,  between  scintillation 
end  image  motion;  and  (c)  to  attempt  a theory  of  atmospheric  effects 
on  the  stellar  image. 
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SUMMARY  OP  SIGHIFICANT  RESULTS 
OBTAINED  DURING-  REPORT  PERIOD 


1.  SCINTILLATION  STUDIES 

Many  significant  observational  data  were  obtained  during  the  report 
period,  enabling  definite  conclusions  regarding  scintillation  and  image 
motion  to  be  drawn,  but  perhaps  the  matter  of  most  overall  significance 
was  the  establishment  and  "proving-out"  by  Mr.  Protheroe  of  the  tech- 
nique of  recording  stellar  scintillation  on  magnetic  tape,  during  both 
nighttime  and  daytime.  In  the  scatter  of  a few  minutes,  a "scintlllogram" 
on  tape  can  be  obtained  which  gives  a record  of  the  ateilar  scintillations 
characteristic  of  the  atmospheric  conditions  prevailing  at  that  time. 

The  record  can  then  be  "played  back"  nt  one's  convenience  and  a detailed 
harmonic  analysis  made  at  leisure. 

The  chief  advantages  of  this  technique  are  (l)  elimination  of 
changing  atmospheric  conditions  during  an  analysis  and  (2)  availability 
of  as  many  points  on  the  frequency  curve  as  desired  and  (3)  permanency 
of  record  and  availability  for  re-analysis.  Item  (l)  is  especially 
important.  To  obtain  a large  number  of  points  on  the  scintillation 
frequency  curve,  such  as  is  necessary  in  establishing  fine  structure 
along  the  curve,  the  time  needed  to  make  the  analysis  directly  at  the 
telescope  is  prohibitive,  end  even  if  the  atmospheric  conditions  remain 
identically  the  same,  the  zenith  distance  of  the  Btar  changes  appreci- 
ably during  the  interval  of  observation.  With  a tape  recording,  the 
observations  are  made  in  a matter  of  minutes,  but  "play-back"  for 
complete  analysis  can  take  the  better  part  of  the  day. 

The  tape  recording  technique  now  allows  an  independent  approach  to 
the  problems  already  investigated  by  Mr.  Hosfeld,  who  used  the  much 
simpler  technique  of  recording  the  integrated  low  frequency  scintil- 
lations, (0-10  cps)  directly  on  a Brown  Recorder.  Of  greater  import- 
ance, the  new  method  allows  an  analysis  of  scintillation,  frequency  by 
frequency,  and  an  extension  of  studies  to  the  higher  frequencies. 

Previously  Mr.  Protheroe  had  made  harmonic  analyses  of  scintil- 
lation. including  the  higher  frequencies,  but  by  the  more  tedious 
methods  of  direct  recording  with  a wave-analyzer  at  the  telescope. 

It  is  of  interest  to  list  the  first  applications  of  the  tape 
recorder  technique; 

(1)  Comparison  of  day  and  night  stellar  scintillation 
frequencies . 

(2)  Scintillation  frequency  curves  for  components  of  a 
double  star,  extending  the  work  of  Hosfeld  on  thf 
incoherency  of  double  star  twinkling. 
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(?)  Scintillation  frequency  curves  for  red  and  violet 
portions  of*  the  spectrum. 

(4)  Establishment  of  variation  of  scintillation  moduli 
with  zenith  distance. 

(5)  Variation  of  scintillation  moduli  with  telescope 
aperture . 

(6)  Comparison  of  atar-planet  scintillation  frequencies. 

A large  part  of  the  material  in  the  6bove  items  comprises  original 
work  and  some  is  supplementary  and  confirmatory  to  work  done  previously 
here  or  elsewhere. 

Before  discussing,  the  above  items,  it  will  be  best  to  present  in 
outline  form  also  the  significant  results  obtained  during  the  report 
period. 

Since  Mr.  Hoafeld  is  to  be  transferred  to  another  project  as  of 
Kovember  1,  he  devoted  a considerable  portion  of  this  time  to  the  re- 
duction and  compilation  of  results  obtained  on  the  present  project 
These  results  are  two-fold » those  concerning  low-frequency  scintil- 
lation (0-10  epa,  in  terms  of  per  cent  of  mean  dc  signal  from  the 
star)  of  stars  during  the  day  and  the  night,  as  functions  of  zenith 
distance  and  telescope  aperture;  and  those  Concerning  the  motion  of 
the  stellar  image . 

It  can  be  stated  that  the  investigation  of  integrated  low  frequency 
scintillation  of  stars  with  respect  to  star  elevation,  star  color,  time 
of  day,  and  telescope  aperture  is  now  essentially  completed.  Functional 
relationships  have  been  established  to  a good  degree  of  finality.  Photo 
electric  techniques  were  employed  in  the  above.  It  is  felt  that  addi- 
tional work  on  these  topics  will  produce  little  that  is  new. 

In  the  second  branch  of  this  work,  carried  out  by  motion  picture 
photography,  a survey  of  image  motion  has  been  completed.  Because  of 
the  time -cons umraing  observational  work,  it  has  been  impossible  to  ex- 
tend image  motion  work  to  correlations  with  zenith  distance,  telescope 
aperture  and  star  color . However , spot  checks  have  been  made  which 
indicate  the  nature  of  the  variation  to  be  expected. 

The  scintillation  and  the  ima^e  mation  studies  have  established 
beyond  all  reasonable  doubt  that  the  two  (scintillation  and  motion) 
should  be  regarded  aa  essentially  independent  parameters  of  image 
behavior . 
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Returning  now  to  a brief  discussion  of  the  individual  items 
covered  above : 

(a)  In  Fig.  1 typical  daytime  and  nighttime  sointil- 
lation-f equency  curves  arc  contrasted.  These 
extend  to  higher  frequencies,  the  unpublished 
observations  of  Hoafeld  (for  0-10  eps)  that,  an 
o general  "rule-of-thumb ",  maximum  daytime 
scintillation  is  nearly  twice  as  great  as  nighttime 
scintillation.  These  scintillation  curves  rep- 
resent the  first  records  made  by  magnetic  tape 

of  stellar  scintillation.  Previously  Mr. 

• Protheroe  had  made  daytime  and  nighttime  measures 

using  a wave-analyzer  directly  at  the  telescope. 

(b)  Analysis  of  tape  recordings  of  the  combined  scin- 
tillation of  the  components  of  a double  star  are 
shown  in  Tig.  2.  The  observed  curve  Is  compared 
with  two  computed  curves,  one  on  the  hypothesis 
that  the  double  star  components  scintillate  co- 
herently, and  the  other  that  the  scintillation 

of  each  of  the  components  is  random. 

Mr . Protheroe  observed  each  component  of  the  double  star  separately, 
and  then  in  combination.  T'e  scintillation  data  for  the  separate  com- 
ponents were  combined  as  though  the  star  scintillated  in  phase  and  at 
random,  respectively.  These  two  computations  (top  two  curves  on  Fig.  2) 
were  then  compared  with  the  lowest  curve  which  represents  the  scintil- 
lation arising  from  both  components  simultaneously,  as  observed  at  the 
telescope.  The  latter  agrees  most  closely  with  the  "random"  hypothesis . 
This  result  confirms  findings  on  the  components  of  Castor  (separation 
2".&)  of  Roof eld*  who  employed  essentially  the  same  reasoning  but  used 
the  integrated  scintillation  (0-10  cps)  technique.  Protheroe's  results 
favor  the  hypothesis  of  incoherency  over  the  entire  frequency  range. 

(c)  The  phenomenon  of  twinkling  in  color,  shown  to 
the  unaided  eye  by  stars  close  to  the  horizon, 
clearly  indicate  that,  at  least  in  certain  in- 
stances , scintillation  is  not  color-coherent. 

This  has  not,  as  yet,  been  established  for  small 
zenith  distances,  an  Important  point,  since  obvious 
(to  the  eye)  color  scintillation  disappears  at 
zenith  distance  less  than  4>  degrees . 

A related  question  is  whether  the  time-integrated  scintillation 
curves  are  Identical  in  different  colors.  Tape  recordings  of  stellar 
scintillation  made  through  red  and  ultraviolet  filters,  using  a 12.5 
inch  aperture,  have  been  analyzed  and  representative  results  are  shown 
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its  Figs.  i tux-,  4.  FI  > 3 concerns  the  twinkling  of  Vega  whan  very  close 
to  the  zenith,  Fl„.  4 that  of  Arc torus  nt  a zenith  angle  of  t>6*. 

There  is  no  marked  difference  in  the  shapes  of  the  scintillation 
curves  in  the  two  colors,  either  for  small  or  large  zenith  distances. 

It  appears,  therefore,  that  whether  or  not  instantaneous  incoherency 
in  color  scintillation  occurs  near  the  zenith  (as  we  know  it  doeB  at 
larger  zenith  distances)  there  ia  no  overall  difference  in  the  scintil- 
lation of  a star  in  different  colors,  regardless  of  its  zenith  distance, 
for  large  apertures . 

(d)  In  order  to  describe  how  scintillation  curves 
vary  vith  the  several  parameters,  e.g.,  zenith 
distance,  Protheroe  has  adopted  n scintillation 
moduli'',  as  indices  of  scintillation,  to  char- 
acterize the  shape  of  a scintillation  curve. 

The  scintillation  modulus  as  defined  at  present  is  the  ratio  of  the 
average  per  cent  sine  wave  modulation  in  a given  frequency  range  to  that 
in  the  frequency  range  2.5  to  10.5  cps . The  frequency  ranges  in  the 
numerator  of  this  expression  have  been  chosen  as  10  to  50  cps  and  50  to 
400  cps  respectively  for  the  purpose  of  conducting  a preliminary  study 
of  their  usefulness  as  an  index  of  the  shape  of  the  curve. 

It  3hould  be  emphasized  that  the  scintillation  modulus  is  a measure 
of  the  shape  of  the  scintillation  curve,  and  not  of  the  amount  of  scintil- 
lation. to us  Fig.  5 indicates  the  change  in  shape  of  the  scintillation 
curve  with  zenith  distance  without  reference  to  the  amount  of  scintil- 
lation within  selected  frequency  ranges  with  zenith  distance. 

In  Fig.  5 and  6 the  open  circles  represent  nighttime  observations 
and  filled  circles  the  daytime  observations.  In  Fig.  5 it  is  clear 
that  there  is  In  general  no  change  in  the  shape  of  the  scintillation 
curve  from  day  to  night,  whereas  Fig.  6 indicates  that  there  is  an 
increase  in  the  amount  of  scintillation  from  night  to  day,  even  though 
the  scatter  is  large . 

(e)  Fig.  7 shows,  in  passing,  another  type  of  measure- 
ment made  with  the  tape  technique,  that  of  compar- 
ing scintillation  fi^.m  a star  vith  that  from  a 
planet.  This  type  of  comparison,  however,  has  been 
done  previously,  by  our  observers  and  by  other 
investigators.  The  results  here  are  confirmatory. 

(f)  Further  tape  recordings  of  scintillation  were  made 
to  supplement  previous  work,  here  and  elsewhere,  on 
the  effects  of  decreasing  aperture  upon  the  nature 
of  scintillation.  Circular  apertures  alone  are  re- 
ported here,  although  work  is  in  progress  on  the  use 
of  rectangular  slits  in  various  orientations.  The 
tape  recordings  were  confined  to  observations  at  the 
zenith. 


lS2KEO30aB^E 


>';  '■  j ."  •■'.c-rts  some  of  the  results  relating  scintillation  and 

njv»;ru!’*i;  The  records  cotcr  relatively  few  observations  but  are 
well**  vert  r.o  c**  cfcarncterl  stie  . 

In  Pi./ . 9,  relative  scintillation  with  aperture  is  given.  This 
rnph,  which  presents  the  data  ir.  ratio  form,  ehoulu  be  compared  with 
tne  preceding  one,  which  presents  the  date  in  terms  of  actual  ocintll- 
iiition.  The  data  ot  both  grap'ne  represent  observations  on  five  nights. 

These  tape  recording  studies  of  scintillation  as  a function  of 
aperture  supplement.,  and  extend  to  higher  frequencies,  the  studies 
recently  completed  by  Hosfeld  (shortly  to  be  published  in  a Scientific 
Report)  in  the  0-10  epa  region.  A short  resume' of  Hosfeld'u  aperture 
studies  will  be  given  here  in  Fig.  10  and  in  Tables  1 and  2. 

tiosfeld's  studies  correlate  low  frequency  scintillation  with  vary- 
ing aperture  and  zenith  distance  while  Protheroe'e  work  extends  to  all 
frequencies*  but  oo  far  has  been  confined  to  the  zenith.  Hosfeld 's 
values,  la  nddltion,  cover  the  entire  24  hour  period. 

For  purposes  of  comparison  with  Fig.  9*  there  is  given  in  Fig.  10 
Hosfeld'o  results  for  the  zenith  only.  The  observations  cover  an  ex- 
tended period  of  time.  T^iis  is  important  when  one  notes  that  relative 
scintillation  with  aperture  may  also  be  a function  of  the  character  of 
the  turbulence  pattern  causing  scintillation  on  a given  day. 

The  dotted  line  in  Fig.  10  indicates  the  increase  in  scintillation 
to  be  expected  if  it  varied  inversely  as  the  aperture.  The  observed 
curve  differs  markedly  from  this,  the  greatest  deviation  occuring  at 
the  smallest  apertures . 

Fig.  10  should  be  compared  directly  with  the  open-circles  curve 
of  Fig.  9-  The  results  Ghov  general  agreement.  Further  observation 
is  necessary  to  determine  whether  the  remaining  minor  discrepancy  is 
a function  of  the  two  widely  different  techniques  of  observation  or 
of  the  atmospheric  conditions  under  which  they  were  taken. 

Turning  now  to  another  dimension.  Table  1 gives  the  measured  values 
of  per  cent  scintillation  for  four  apertures  (12-1/2,  b,  3,  and  1 inches) 
at  five  zenith  distances  (0,  30,  45,  60,  and  70  degrees),  and  Table  2 
presents  the  name  results  in  ratio  form.  All  values  are  representative 
mid-day  values;  nighttime  values  are  generally  one-half  the  daytime 
values.  Per  cent  scintillation  is  defined  as  the  average  peak-to-peak 
scintillation  as  measured  on  the  Brown  Recorder  in  the  integrated 
region,  0-10  cps,  expressed  as  a per  cent  of  the  mean  dc  stellar  signal. 
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TABLE  1 


STELLAR  SCINTILLATION,  0-10  cpa  (PER  CERT  OF  MEM  dc  STELLAR  SIGNAL) 


Zenith  Distance  of  Star 
Degrees 

Aperture 
12-1/2  inch 

of  Telescope  (circular) 
o inch  3 inch  1 inch 

0 

19 

34 

51 

6 3 

30 

24 

4l 

t.0 

74 

45 

31 

50 

68 

90 

60 

50 

75 

95 

125 

70 

65 

120 

145 

-- 

INCREASE 

TABLE  2 

OF  SCINTILLATION  OVER  FULL  12.5 

INCH  APERTURE 

Zenith  Distance 

of  Star 

Aperture 

of  Telescope 

(circular ) 

Degrees 

6 inch 

3 inch 

1 inch 

0 

1.8 

2.7 

3-3 

30 

1.7 

2.5 

3-1 

45 

1.6 

2.2 

2.9 

6o 

1-5 

1.9 

2,5 

70 

1.4 

1.7 

. 

I 

The  factors  in  Table  2 prove  to  be  independent  of  the  time  of  day, 
i.e.,  a 3-inch  aperture  at  45  degrees  eenith  distance  can  he  expected  to 
give  2.2  times  as  much  scintillation  as  the  12.5  inch  aperture,  regard- 
less of  time  of  day  or  night. 


IMAGE  MOTION  STUDIES 


A second  phase  of  the  work  done  by  Mr . Hosfeld,  has  now  also  been 
-•ouinle  te.J . This  is  ft  motion  pie  tare  study  of  image  motion. 

The  photocell  ii>  admirably  suited  for  scintillation  studies  but 
i'or  studies  of  the  motion  of  the  image  the  action  picture  camera  is 
far  better. 

In  previous  reports,  accounts  of  the  progress  of  this  work  has 
been  given  (see  especially  Pr o.jr ess  Report  Mo.  7 ) . Mr.  Hoofcld  ha3 
been  collating  this  material  on  the  subject,  with  the  express  purpose 
of  summarizing  his  results  on  the  total  amount  of  image  motion  to  be 
expec  ted . 

Uni ortunately , much  more  labor  ia  required  to  obtain  exact  function- 
al relations  between  image  motion  and  time  of'  day  and  zenith  distance 
than  between  these  parameters  and  low  frequency  scintillations . Time 
has  not  permitted  a long  investigation  of  image  motion.  Nevertheless, 
Table  3 presents  the  analysis  of  loOG  motion  picture  frames.  Each  entry 
represents  a summary  of  image  motion  measures  on  100  frames.  The  two 
columns  are,  respectively,  the  total  range  of  motion  (in  seconds  of  arc) 
shown  by  the  image  in  lOu  frames,  taken  at  about  1 frame  per  second,  and 
the  mean  motion  of  the  image  if  the  ten  per  cent  of  frames  showing  great- 
est deviation,  and  the  ten  per  cent  shoving  the  least  motion  are  neglect- 
ed. That  1 3 , the  second  column  is  a measure  of  the  image  motion  to  be 
expected  generally,  with  the  "high”  and  "low"  fringes  omitted. 


TABLE  3 


Time 

Date 

8tar 

Total  Range 

"Average  Motion" 

o:45 

A.M. 

29  September 

Castor 

3-5 

2.2 

9 -.15 

A.M. 

24  September 

Capella 

5-8 

3-2 

9:22 

A.M. 

29  September 

Castor 

7-1 

3.6 

9:35 

A.M. 

7 September 

Capella 

3-3 

2.0 

10:30 

A.M. 

29  August 

Capella 

5.8 

3-3 

10:45 

A.M. 

30  August 

Capella 

4.4 

2.4 

1:15 

PM. 

24  September 

Arcturus 

5.6 

3-4 

2:35 

P.M. 

0 September 

Are torus 

1C.1 

5.6 

3:35 

P.M. 

1 October 

Vega 

5-3 

2.4 

4:10 

P.M. 

1 October 

Arcturus 

7-7 

3 *lj 

6:10 

P.M. 

29  August 

Arcturus 

3-4 

1.2 

6:40 

P.M. 

29  August 

Vega 

2 e( 

1.2 

8:20 

P.M. 

7 September 

Vega 

2 *6 

1.9 

8:45 

P.M. 

7 Septemoer 

Arcturus 

6.0 

2.6 

10:40 

P.M. 

8 September 

Vega 

5-1 

d * tZ 

1C:  50 

P.M. 

26  August 

Vega 

5-4 

2.9 

so 


Ail  observations  were  made  at  zenith  distances  of  approximately 
VO  de  jrees  except  the  evening  oboervationB  of  7 September.  In  that 
case  Ve-m  was  iena  than  five  degrees  from  the  zenith  end  Areturua  was 
05  degrees  away.  It  appears,  from  limited  evidence,  that  image  motion 
does  not  obey  the  same  law  of  increase  with  zenith  distance  that 
scintillation  does. 

It  should  be  pointed  out  that  two  3-inch  apertures  separated  by 

9 inches  eenter-ta-center  were  used  in  studying  image  motion,  Kach 
3- inch  aperture  forms  its  own  stellar  image  and  when  examined  out -of - 
focus  (as  in  the  Hartman  test),  the  two  separated  images  can  be  seen 
describing  relatively  independent  motions.  These  independent  motions 
result,  in  fairly  rapid  changes  in  image  spacing,  being  sometimes  clo^e 
together,  sometimes  widely  separated.  Photograph*  of  l/2?  second  ex- 
posure time  were  taken  at  1 to  2 second  intervals  until  100  samples  of 
the  image  separation  vere  obtained  for  each  run. 

These  100  separations  vere  then  measured  to  the  nearest-  0.1  second 
of  arc  and  the  resulting  frequency  distribution  and  cumulative  frequency 
distribution  were  plotted  for  each  run  as  illustrated  in  Fig.  11. 

Circles  and  crosses  represent  independent  measures  on  the  Bame  data. 

If  the  incident  wavefront  at  the  telescope  were  undisturbed,  all  image 
pairs  would  have  the  same  spacing,  but  if  the  wavefront  is  distorted 
by  its  passage  through  the  earth1 b atmosphere,  and  if  that  distortion 
is  chauging  rapidly,  the  separations  will  be  different  from  photograph 
to  photograph,  with  the  degree  of  distortion  being  reflected  in  the 
spread  of  observed  image  separations . Two  measures  of  this  spread  of 
separation  values  are  given  in  Table  3-  The  first  measure  is  the  total 
range  over  which  the  spacing  changes;  e.g.,  if  the  closest  pair  of 
images  shows  4 seconds  of  arc  separation  and  the  greatest  spacing  is 

10  second*  of  arc,  the  range,  or  total  change  in  separation,  is  6 
seconds  of  arc.  Since  this  criterion  Is  determined  by  the  two  extreme 
values  obtained  during  the  run  of  100  observation*,  a Bingle  fortui- 
tously large  or  small  value  might  give  a range  which  would  not  be 
representative  of  the  entire  run.  For  this  reason  a second  measure  of 
the  spread  is  included,  obtained  from  the  cumulative  frequency  plot, 
which  is  the  separation  at  the  90th  percentile  minus  the  separation 

at  the  10th  percentile.  This  particular  choice  of  values  was  dictated 
by  the  fact  that  the  lower  upper  and  upper  lower  "wings"  of  the 
cumulative  frequency  plot  Degin  to  flatten  at  about  the  10th  and  90th 
percentile  respectively  so  that  these  values  are  relatively  stable  and 
yet  include  the  bulk  of  the  observed  spacings  (80^4). 

It  should  be  noted  that  the  number  of  seconds  of  arc  over  which  an 
image  in  a 3 inch  telescope  can  be  expected  to  move  is  about  one  half 
of  the  value  reported  in  the  "range"  column,  since  the  closest  spacing 
of  the  images  can  oe  expected  when  both  move  toward  each  other  by  the 
maximum  amount  of  individual  motion  and  the  farthest  spacing  when  each 
moves  auay  by  the  maximum  displacement . 


Biallarly,  for  telescopco  of  large 
portions  oi'  the  total  image  are  subject 

!,v  + K*>  V .u  t!ii>  !»sn  L7-'  1 1 

,l  - i uwv  r,  - Cl  . w(l>«  j Wllv.  i iJV  I »|V,  M iii 

diameter  of  the  values  reported  in  Table 


aperture  where  the  individual 
to  the  displacements  measured 
be  spread  over  au  area  half  the 

3- 


FUTURE  WORK 


Under  the  limited  extension  of  the  present  contract,  effective 
October  1,  I9b"3,  Mr.  Pro  the  roe  la  to  carry  on  and  complete  his  present 
program  of  tape  recording  of  stellar  scintillation  with  the  purpose  of 
"tying  down"  quantitatively  the  variation  of  scintillation  frequencies 
with  aeulth  distance,  time  of  day,  and  general  meteorological  conditions 
Mr.  Protheroe  will  also  examine  a series  of  scintillation  curves  for 
"fine  structure";  that  is,  for  periodicities  or  preferential  frequencies 
in  stellar  scintillation. 

At  the  close  of  the  extended  contract  It  is  hoped  that  the  tech- 
nique of  magnetic  tape  recording  of  stellar  scintillation  will  have 
been  established  as  a standard  and  usable  adjunct  to  atmospheric  studies 
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